
Detection of the human papillomavirus and analysis of
the TP53 polymorphism of exon 4 at codon 72 in

penile squamous cell carcinomas

O. Humbeya, S. Cairey-Remonnaya,b, J.S. Guérrinia, M.P. Algrosc, C. Mougina,
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Abstract

Human papillomaviruses (HPV) are thought to be involved in penile squamous cell carcinomas (SCC). A common polymorph-

ism at codon 72 of exon 4 encoding either arginine (Arg) or proline (Pro) has been shown to affect HPV-mediated degradation of
p53 in vitro, and may represent a risk factor for HPV-induced carcinogenesis. The presence of HPV DNA as well as the TP53
polymorphism at codon 72 of exon 4 were investigated in a series of 45 penile SCC. HPV detection and typing were carried out by

polymerase chain reaction (PCR) with generic primers (MY09-MY11 and FAP59-FAP64), and type-specific DNA probes. TP53
polymorphism was further investigated using Denaturing Gradient Gel Electrophoresis (DGGE). HPV DNA was detected in 67%
of penile SCC and 32% of benign lesions (BL) (P<0.05). Among the TP53 amplified samples, the rate of Arg homozygosity in

penile SCC was 61% compared with 68% in BL (non-significant (NS)). Our results demonstrate a strong association between penile
SCC and the presence of HPV DNA. The TP53 Arg/Arg genotype does not appear to represent a risk factor for the development of
genital SCC in men, and no correlation was found between the TP53 polymorphism at codon 72 and the presence of HPV DNA.
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1. Introduction

An increasing number of epidemiological studies
demonstrate that human papillomaviruses (HPV)
represent an important aetiological factor in a large
proportion of human cancers. A particular association
of HPV with the development of premalignant and
malignant lesions of the uterine cervix has been estab-
lished. Graham and colleagues [1] had even demon-
strated that the wives of men with penile carcinomas
were more prone to cervical neoplasia and vice-versa. It
is generally accepted that oncogenic HPV types are the
sexually transmitted agents common to both neoplasia.

Unfortunately, very few studies have investigated penile
squamous cell carcinomas (SCC) because of its rare
occurence. In contrast to European and North Amer-
ican countries (1/100 000), South America, Africa and
Asia exhibit a high incidence of penile carcinoma
(10–20/100 000), which also occur in communities with
high rates of cervical neoplasia [2]. The frequencies of
HPV DNA in carcinomas of the penis varies from 10%
[3] to 100% [4] depending on the viral detection method
used and on the ethnic origin of the population ana-
lysed. Moreover, recent data have supported a role for
HPV in the pathogenesis of penile SCC [5–8]. The car-
cinogenic effect of HPV may be explained, in part, by
the transforming viral protein E6 which binds to and
induces the degradation of p53 through the ubiquitin
pathway [9]. It has been proposed that the existence of a
common polymorphism of the tumour suppressor gene,

0959-8049/03/$ - see front matter # 2003 Elsevier Science Ltd. All rights reserved.

doi:10.1016/S0959-8049(02)00835-3

European Journal of Cancer 39 (2003) 684–690

www.ejconline.com

* Corresponding author. Tel.: +33-3-8121-8102; fax: +33-3-8121-

8163.

E-mail address: francois.aubin@ufc-chu.univ-fcomte.fr (F. Aubin).

http://www.elsevier.com/locate/ejconline/a4.3d
mailto:francois.aubin@ufc-chu.univ-fcomte.fr


TP53, that results in either a Proline (Pro) or an Argi-
nine (Arg) could play a critical role in the development
of mucous and cutaneous SCC [10]. Indeed, the 72 Arg
form of the p53 protein appears to be particularly sus-
ceptible to HPV16, HPV18 and HPV11-E6 associated
degradation in vitro, and could facilitate the oncogenic
effect of HPV infection [10]. However, these results and
the importance of the TP53 polymorphism in HPV-
associated SCC are still a matter of controversy [11–13].
The aim of the present study was to evaluate the pre-
valence of HPV in SCC of the penis and its correlation
with the TP53 polymorphism at codon 72.

2. Materials and methods

2.1. Patients and samples

Fifty-four samples from adult patients with penile
SCC, living in Eastern France, undergoing surgical
resection from 1978 to 2000, were identified from our
tumour registry database [14]. A subset of 45 biopsy
specimens, fixed with formalin or Bouin and paraffin-
embedded was finally processed for the study.
Haematoxylin-eosin-stained slides were reviewed and
were all confirmed as SCC. Twenty-two paraffin-
embedded tissues from 22 adult patients with penile
benign lesions (BL) (phimosis or Balanatis) were
selected as controls.

2.2. DNA isolation

Microdissection was used to separate the tumoral cells
from the normal surrounding tissues. For this study,
5–10 serial 5-mm paraffin-embedded sections were
transferred to microfuge tubes. Paraffin was removed
with 1 ml xylene (2�10 min) and sections were rehydrated
with 1 ml ethanol 99% (2�1 min). Between each wash,
tubes were centrifuged for 5 min at 1900g to avoid loss
of material. The sections were processed for cell lysis
and proteolytic digestion, overnight at 60 �C with 0.1
mg proteinase K diluted in 200 ml buffer containing 10
mM Tris–HCl pH 8.3; 50 mM KCl, 2.5 mM MgCl2 and
0.45% (v/v) Tween 20. The lysate was extracted twice
with phenol, and with an equal volume of chloroform–
isoamyl alcohol (1:1, v/v). DNA was finally precipitated
with one-tenth volume of 8 M sodium acetate and 2.5
volumes of absolute ethanol using an incubation at
�20 �C for 1 h. The precipitated DNA was centrifuged,
and the dried pellet was resuspended in 50 ml of water.

2.3. HPV genotyping

The DNA quality was tested by amplification of a
268-bp fragment of the �-globin gene using GH20/
PCO4 primers [15]. Negative samples for the �-globin

fragment were considered inadequate and excluded
from the study. The presence of HPV DNA was carried
out using two different sets of L1 open reading frame
consensus primers. MY09/MY11 primers allowed the
detection of a broad spectrum of mucosal HPV by pro-
duction of a 450-bp amplicon [16]. The PCR products
were then typed using the Hybridowell kit1, as we pre-
viously described in Ref. [17]. To genotype the most
common HPV, the amplimers were hybridised with
internal 50 biotinylated probes for low-risk HPV6, 11, or
for high-risk HPV 16, 18, 31, 33, 35, 45, 51, 52, 58 and
68. The FAP59/FAP64 primers described by Forslund
and colleagues in Ref. [18] by generating amplicons of
480-bp allowed the detection a broad range of cuta-
neous HPV, including epidermodysplasia verruciforms
(EV) associated HPV types, but also mucosal HPV
types. Four specific primer sets MY5 1/2, MY5 3/4,
MY8 and MY8 3/4 were also used to genotype HPV5
and 8, respectively, as described by Meyer and collea-
gues in Ref. [19]. DNA from CaSki cells harbouring
HPV16 (ATCC CRL 1550, American Type Culture
Collection, Rockville, MA, USA) was used as a positive
control, while DNA from negative HPV C33A cells
served as a negative control (ATCC HTB31, Rockville,
MB, USA). A negative template control (water instead
of DNA) was also used as a contamination control.

2.4. PCR of TP53 exon 4 and denaturing gradient gel
electrophoresis (DGGE)

For DGGE analysis, TP53 exon 4 was amplified with
consensus 40nGC-clamped primers TP53 4.1F-R that
allowed the production of 203-bp fragment [20]. The
primer sequences were as follows; TP53.4.1F: 50-
[40GC]CCTGGTCCTCTGACTGCTCT-30 TP53.4.1R:
50-GTGTAGGAGCTGCTGGTGCA-30. The amplifi-
cation was carried out in a 100-ml volume containing 1�
polymerase chain reaction (PCR) buffer (Perkin), 1.5
mM MgCl2, 200 mM of each deoxynucloeside triphos-
phates (dNTP), 2.5 U Taq DNA polymerase (Ampli
Taq Perkin-Elmer), 25 pmol of each primer and 1mg of
template DNA. After DNA denaturation, 35 cycles
consisting of 30 s at 94 �C, 15 s at 60 �C, 20 s at 72 �C
were performed, followed by a 7-min final extension at
72 �C. The PCR products were then analysed by DGGE
in the following conditions. A 16�18 cm, 1 mm thick,
8% acrylamide/Bis (37.5:1) gel with a parallel denatur-
ing gradient range of 35–75% in 1� TAE buffer (40
mM Tris, 20 mM acetic acid, 1 mM ethylene diamine
tetra acetic acid (EDTA)) was used. The gradient gel
was cast using Bio-Rad’s Model 475 Gradient Delivery
System. Forty microlitres of PCR products were mixed
with 5 ml of 2� gel loading and electrophoresed on the
Dcode system. The gel was then stained with ethidium
bromide in 1�TAE buffer for 5 min and visualised
under ultraviolet (UV) transillumination.

O. Humbey et al. / European Journal of Cancer 39 (2003) 684–690 685



2.5. Sequencing analysis

In order to confirm the results obtained by DGGE,
bands were cut out from the gel and put in water in
order to allow DNA elution. Then, 2 ml of product were
amplified with identical primers to those used in the
prior PCR under the same conditions. Finally, the
amplimers were subjected to cycle sequencing with the
forward primer TP53 4.1F without the 40nGC-clamped
using the CEQ Dye Terminator Cycle Sequencing kit1

(Beckman Coulter) following the cycling conditions: 20
sec at 96 �C, 20 s at 50 �C and 4 min at 60 �C for 30
cycles followed by a hold at 4 �C. Our test was validated
on CaSki cells (Arg/Pro) and C33A cells (Arg/Arg).

2.6. TP53 codon 72 loss Of heterozygosity (LOH)

To test the risk of LOH in our tumour samples, we
collected paraffin-embedded tissues from non-tumorous
areas in our patient group. Allele-specific PCR for the
codon 72 polymorphism was then carried out using
two sets of primer. TP53 codon 72 Proline sequences
were detected using the primer pair TP53 Pro+/p53�
(p53 Pro+: 50GCCAGAGGCTGCTCCCCC30, TP53�:
50CGTGCAAGTCACAGACTT30) and p53 codon 72
Arginine using the primer pair TP53+/Arg�(p53+:
50TCCCCCTTGCCGTCCCAA30, Arg�: 50CTGGTGC
AGGGGCCACGC30) as previously described in Ref.
[10]. The results were then compared with the genotype
in the tumour samples obtained from the same patient.

2.7. Statistical analysis

Pearson Chi-square test with Yates’ correction when
necessary was carried out using Systat* software to test of
polymorphic differences according to the virological
results. Statistical significance was considered at P<0.05.

3. Results

3.1. HPV detection

Forty-five fixed and paraffin-embedded tissues from
adult patients with penile SCC were examined, and

compared with 22 paraffin-embedded tissues from
patients presenting BL of the penis. Mucosal and cuta-
neous HPV DNA were detected by PCR using the
MY09/MY11 (Fig. 1) and FAP59/FAP64 primers,
respectively. The overall prevalence of HPV is shown in
Table 1. We were able to amplify the �-globin gene in 36
out of 45 SCC (80%) and in 22 of 22 controls (100%)
fixed tissues submitted to PCR. Lack of �-globin DNA
detection in the nine SCC samples probably resulted
from DNA disintegration likely linked to the Bouin fix-
ation procedure, rather than a failure of the PCR (as a
positive PCR control was always obtained). Of samples
found to be adequate, HPV DNA was detected in 24 of
36 penile SCC samples (67%) and in seven of 22 penile
BL (32%, P<0.05). Mucosal HPV were found in 13 of
36 SCC (36%) and in seven of 22 penile BL (32%),
while cutaneous HPV were detected in SCC in 31%.
Among the mucosal HPV detected in the penile carci-
nomas, HPV16 was found in 9/13 samples (69%), while
among the cutaneous HPV tested, HPV5 was found in
2/11 samples (18%). All mucosal HPV detected in our
control samples corresponded to low-risk types HPV6
and/or 11. Four mucosal HPV and nine cutaneous HPV
detected in penile SCC remained undetermined, possibly
due to the limited number of HPV type probes.

3.2. Genotypic distribution of TP53 gene

TP53 genotype at codon 72 of exon 4 was investigated
by DGGE after a PCR amplification using the TP53 4.1
primers [20]. Single bands corresponded to homozygous
TP53 codon 72 genotypes either Arg/Arg or Pro/Pro,
whereas four bands were observed for the heterozygous
genotype. After sequencing analysis of the single bands,
we confirmed that the upper band corresponded to a

Fig. 1. Electrophoresis of polymerase chain reaction (PCR) products from different penile squamous cell carcinomas using MY09-MY11 and

GH20-PCO4 consensus primers: lanes 1–5: HPV DNA samples; lane 6: HPV DNA-positive control (CaSki cells) (MW, molecular weight (f174);

lanes 10-50: �-globin sequence samples; lane 60: �-globin DNA positive control (CaSki cells); lane T-: contamination controls (water).

Table 1

HPV distribution in penile squamous cell carcinoma

Total

HPV (%)

HR mucosal

HPV (%)

LR mucosal

HPV (%)

UT mucosal

HPV (%)

Cutaneous

HPV (%)

SCC (n=36) 24 (67) 9 (25) 0 4 (11) 11 (31)

BL (n=22) 7 (32) 0 7 (32) 0 0

SCC, squamous cell carcinoma; BL, benign lesion; HR, high-risk; LR, low-risk;

UT, untyped.
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Pro genotype and the lower one to an Arg genotype (data
not shown). CaSki and C33A cell lines were used as Arg/
Pro heterozygous and Arg/Arg homozygous controls,
respectively. Representative results are shown in Fig. 2.
We were able to analyse 31 SCC out of 36 that were PCR-
positive for �-globin and 22 of 22 controls. The proportion
of TP53 codon 72 genotypes found were 61% Arg
homozygous, 0% Pro homozygous and 39% Arg/Pro
heterozygous in patients with penile SCC, compared with
68% Arg homozygous, 0% Pro homozygous and 32%
Arg/Pro heterozygous in patients with penile BL (Table 2).
Statistical analysis showed no difference between the gen-
otypic distribution of subjects presenting penile SCC
compared with controls (non significant ((NS)). In
addition, we analysed the LOH in our patients: blood
samples (leucocyte DNA) from 2 patients with penile SC
and in normal tissue surrounding the penile SCC from 15
patients. Altogether LOH was studied in only 6 patients of
the 45 patients with penile SCC because most of them
were dead while the remaining tissue samples were too
small or of too poor a quality (lack of b-globulin detection
or insufficient peritumoral tissue). In all cases, the TP53
genotype was similar both in penile SCC and in blood or
matched normal tissue confirming the absence of LOH.

3.3. Correlation between the presence of HPV and the
TP53 codon 72 Arg polymorphism

The distribution of codon 72 TP53 genotype with
respect to HPV status demonstrated a similar prevalence

of Arg/Arg, Arg/Pro and Pro/Pro in HPV negative
samples and in the HPV-infected patients. The statis-
tical analysis did not indicate any significant association
between HPV status and TP53 polymorphism (NS).

4. Discussion

Genital SCC in men are thought to be the male
counterpart of cervical carcinomas and similar risk fac-
tors have been demonstrated including smoking habits,
the number of sexual partners, history of condyloma,
and the presence of HPV DNA [21]. Our report repre-
sents the first study investigating the presence of HPV
DNA correlated to the TP53 polymorphism status at
codon 72 of exon 4 in a large series of penile SCC. A
reference population of 13 samples of benign lesions of
the penis (Balanatis or phimosis) was used as controls.
HPV DNA detection was investigated by PCR using
two sets of consensus primers, MY09/MY11 and
FAP59/FAP64 allowing the detection of a broad spec-
trum of mucosal and cutaneous HPV. Despite the pre-
servation problems related to the tissue source (fixed
and paraffin-embedded biopsies), we could detect a high
rate of viral DNA in our penile SCC population (67%)
with a statistical significant difference (P<0.05) from
those found in our control group (32%). Among these
samples with HPV, mucosal HPV were predominant
compared with cutaneous ones in penile SCC (54%
versus 46%, NS) as in the penile BL (100% versus 0%).
Among the mucosal HPV, high-risk HPV16 was the
most prevalent in the genital SCC, while BL exhibited
no high risk mucosal or cutaneous HPV. However, we
can suppose that the HPV DNA detection in our sam-
ples is underestimated. Indeed, beside the geographical
origin, the frequencies of HPV DNA in carcinoma of
the penis vary depending on the sample processing and
the method used for viral detection. The prevalence of
HPV DNA can range from 10% [3] to 100% [4]. Levi
and colleagues [6] have recently shown the difficulties
encountered when evaluating the presence of HPV
DNA in a series of 84 paraffin-embedded penile car-
cinoma. Twenty samples (18 Bouin- and two for-
malin-fixed tissues) out of 84 (24%) were found to be
inadequate. HPV DNA was found in 28% of the
remaining samples compared with 56% in 50 frozen
samples tested. It is well recognised that the DNA
quality from paraffin-embedded tissue is lower than
DNA from fresh tissues. In our study, we could amplify
�-globin gene sequence by PCR using the PC04/GH20
primers in 36 samples from the 45 collected (80%). In a
more recent study carried out on 34 primary penile
SCC, Picconi and colleagues [5] found 24 samples (71%)
were positive for HPV DNA. All tissues were formal-
dehyde-fixed and paraffin-embedded and all DNA were
amplifiable as shown by �-globin gene amplification.

Fig. 2. Analysis of TP53 polymorphism by parallel denaturing gra-

dient gel electrophoresis (DGGE): lanes 1, 2, 3, 6: Arg/Arg homo-

zygous samples; lanes 4, 5: Arg/Pro heterozygous samples; lane 7: Arg/

Arg homozygous control (DNA from C33A cells); lane 8: Arg/Pro

heterozygous control (DNA from CaSki cells).

Table 2

TP53 genotype distribution in penile squamous cell carcinoma

Arg/Arg

(%)

Pro/Pro

(%)

Arg/Pro

(%)

SCC (n=31) 19 (61) 0 12 (39)

BL (n=22) 15 (68) 0 7 (32)

SCC, squamous cell carcinoma; BL, benign lesion.
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Among the HPV detected, the high prevalence of
mucosal high-risk HPV in our series agree with most
reports [5,6,8,22–25]. As observed by previous authors
[6,25,26], we found predominance (69%) of HPV16, but
no HPV18. In contrast, previous results from Brazil [7]
and from Argentina [5] indicated a high prevalence of
HPV18. The differences observed between the studies
could be attributed to the geographical distribution of
HPV or to the lack of a representative sample. How-
ever, our study involves all penile SCC collected by the
Cancer Registry of Doubs during the 1978–2000 time
period in a well-defined administrative area (population
485 000) located in Eastern France [14]. The Cancer
Registry of Doubs was established in 1976 and has
received international recognition as demonstrated by
its inclusion in the International Agency for Research
on Cancer series entitled Cancer Incidence in Five
Continents. In the ‘département’ of Doubs, cancer
registration is virtually complete, and therefore techni-
cal deficiencies did not bias our results. We think that
our SSC population is a representative sample of a
homogenous more general population.

Among the 7 patients of our control group, 100%
were infected by low-risk HPV6 and/or 11. Although
there is evidence to suggest a lack of carcinogenicity of
HPV6 and 11 [27], these types have previously been
reported in preneoplastic and neoplastic penile lesions
[4,5,7,8,28]. On the other hand, it has been pointed out
that up to 10% of the penile cancer lesions have devel-
oped in association with benign lesions, that frequently
contain HPV6 or 11 [2].

No previous study has investigated the presence of
cutaneous HPV in penile carcinoma. We detected 31%
of cutaneous HPV in penile SCC versus 0% in our
control series using the FAP59–FAP64 primers as
recently described by Forslund and colleagues in Ref.
[18]. Such a method allows the detection of a large HPV
spectrum, including epidermodysplasia verruciformis-
related HPV, other HPV types (3, 10, 25, 27, 28, 29, 77,
. . .), which are phylogenetically grouped with the
mucosal HPV types, and also low-risk (6, 11, 42) or
high-risk (16, 18, 31, 52, 58, 68) mucosal HPV types
[29]. Specific HPV5 and HPV8 primers [19] were used to
genotype cutaneous HPV, allowing us to detect two of
11 (18%) HPV5, while no HPV8 was found. But the
involvement of specific HPV types in promoting penile
carcinogenesis cannot be ruled out, since amplicons
generated by that PCR have not been sequenced in our
study. Nevertheless, our results indicate a potential role
of HPV detected by FAP59-FAP64 primers in the
development of penile carcinomas.

Beside the viral type, other risk factors should be
considered, like the immunological status, exposure to
chemical or physical carcinogens and, genetic back-
ground. In a previous study on the same SCC popu-
lation [14], we showed that over the 22-year period

studied, only one male among 48 with genital SCC had
been treated with high doses of psoralen plus UVA
radiation. This is why we decided to study the genetic
susceptibility linked to the TP53 polymorphism, since it
has been suggested that polymorphism at codon 72 of
the TP53 tumour suppressor gene might be a risk factor
in the development of HPV-associated cancers [10].
Indeed, a common polymorphism of the tumour sup-
pressor gene TP53 that results in either a proline (Pro)
or arginine (Arg) at residue 72 of exon 4 has been
described [30]. The 72 Arg form of the p53 protein
appears to be particularly susceptible to HPV16,
HPV18, and HPV11 E6-associated degradation in vitro
[10], and could facilitate the oncogenic effect of HPV
infection. However, this finding was not confirmed by
recent reports and the importance of TP53 polymorph-
ism in HPV-associated tumours is still a matter of con-
troversy [11–13,31]. To our knowledge, the relationship
between the TP53 status at codon 72 and the presence
of HPV in SCC of the penis has never been studied. In
our study, the proportion of TP53 codon 72 genotypes
found were 61% Arg homozygous, 0% Pro homo-
zygous, and 39% Arg/Pro heterozygous in the penile
SCC, compared with 68% Arg homozygous, 0% Pro
homozygous, and 32% Arg/Pro heterozygous in the
penile BL. Thus, our results indicate that the TP53
polymorphism does not seem to be associated with the
development of penile SCC.

It may be argued that our results merely reflect the
distribution of the TP53 genotype of a specific geo-
graphical area, since it has been proven that TP53
polymorphism varies according to the geographical ori-
gin, and the prevalence of TP53 Pro allele is closely
related with latitude and increases when approaching
the Equator [32]. However, in two previous studies
[33,34] conducted in the same geographical area, but in
different groups of patients, we observed a different
distribution of the TP53 genotype using a similar
DGGE analysis of exon 4 of TP53. Indeed, while fre-
quencies of codon 72 TP53 polymorphism on DNA
obtained from 138 cervical smears were not significantly
different between women with normal smears and
women with dyskaryosis smears [33], we demonstrated
that the rate of Arg homozygosity in SCC from renal
transplant recipients was significantly higher than in
immunocompetent patients with or without SCC [34].
The discrepancies between these studies emphasize the
significance of our data and the bias of genetic variation
and molecular analysis of TP53 polymorphism could be
considered as negligible. In addition, LOH may inter-
fere with our results. Indeed, LOH is frequently
observed in skin cancers on chromosome 17p, where
TP53 is located [35]. Although Storey and colleagues
[10] demonstrated that LOH was not an important
mechanism for overrepresentation of the TP53 Arg
genotype in cervical HPV-related cancer, our study can
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not eliminate such a bias. However, we analysed LOH
in 6 out of the 45 patients with penile SCC, and in all of
these cases the TP53 genotype was similar in both penile
SCC and in blood or matched normal tissue, confirming
the absence of LOH. Furthermore, we recently found a
similar genotype after testing for TP53 polymorphism
on DNA from nine tumour specimens from renal
transplant recipients compared with leucocyte DNA in
the same patients [34]. The analysis of LOH was not
critical in our study since we did not observe any over-
representation of TP53 Arg/Arg genotype. The analysis
of LOH would have been critical if an over-
representation of the TP53 Arg/Arg genotype had been
found. In addition, it has been recently demonstrated
that LOH occurred more frequently in TP53 Arg/Pro
than in Arg/Arg skin tumours obtained from renal
transplant recipients [36].

In summary, our results demonstrate a strong associ-
ation between penile SCC and the presence of HPV
DNA. However, the TP53 Arg/Arg genotype does not
appear to represent a risk factor for the development of
genital SCC in men, and no correlation was found
between the TP53 polymorphism at codon 72 and the
presence of HPV DNA.
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